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METHOD AND SYSTEM FOR INJECTION MOULDING OF 
THERMOPLASTS AND THERMOELASTOMERS 

The present invenUon refers to system and a method for injection moiildins of 
5 thermoplastics and thermoplastic elastomers in an injection moulding machine. 

At injection moulding of plastic (ietails is used a die having one or more cavities, which 
is set up in an injection moulding machine. 

0 In order to be able to produce plastic details of high quality from a die having several 
cavities, a so called multiple cavity die. the cavities with the associated sprues must be 
substantially identical with respect to flow resistance for the plastics melt during the 
filling procedure, and furthermore the volumes of the cavities must be equally big. 
whereby alt cavities are filled up with the melt at the same time, whereupon tiie melt nt 

5 the same time also is subjected to compression and post pressure. This means tiiat tlie 
plastic details must be alike with reference to material thickness, size and weight and 
they must have substantially the same shape. 

At injection moulding in a single cavity with a process cycle time of e.g. about 30 
seconds, the annual manufacturing capacity will be about 500.000 pieces. If the annual 
demand is at this level or lower, it thus is sufficient to produce using a I -cavity die in a 
machine, which is chosen so that mould clamping force, platen size, shot weight, 
etcetera, are sufficient for the die. The process cost per piece at injection moulding in a 
I -cavity die however will be higher as compared to injection moulding in multiple 
cavity dies. At production of medium-seizcd annual numbers, about 1 GO - 500.000 
details, it therefore usually is profitable to produce in multiple cavity dies, even if these 
have a higher initial cost than a 1 -cavity die for the same detail. 

From this it is possible to deduct that die and process systems, that can offer injection 
moulding of several details, each one having different weight, size and shape, 
simultaneously in one and the same process cycle, should be economically favourable, 
under presumption that said system has a reasonable initial cost in relation to the 



2 

overall cost reduction regarding process and die costs, that can be achieved in 
comparison with production of the same details with conventional I - or multiple cavity 
dies. 



Such die or process systems can be provided with different degrees of individual 
adjustment possibilities for the process parameters in the different cavities. The most 
simple design has only two possibilities for adjustment of the melt flow to the different 
cavities, with variable or fixed adjustment means. Hereby it is possible to produce 
several different plastic details with smaller differences in weight, size and shape in the 
same die system. By fiirther providing a closing/opening valve, e.g. a valve known as a 
needle valve in the flow channel for each cavity, it is also possible to use different 
filling times for the different cavities. Plastic details having rather big mutual 
differences in weight, size and shape then can be produced in such a system. The 
pressure development for the melt during the compression and post pressure phases, 
which is essential for the quality of the plastic detail, however can not be chosen 
individually for each cavity in this system, which is an essential limitation if there is a 
demand that the different plastic details produced shall have a high and equivalent 
quality. 



The invention hereinafter described offers a flexible die system and method, by means 
of which details of completely different weight, size and shape, can be injection 
moulded in injection moulding machines of standard design for thermoplastics and 
thermoplastic elastomers, in one and the same process cycle. For each cavity of the die 
units, which form part of the system, the process parameters can be individually chosen 
to a very high degree, primarily what concerns the pressure development during the 
compression and post pressure phases and the post pressure time, whereby all plastic 
details will get a high and equivalent quality. 

The only hitherto known alternative for obtaining a similar high degree of individually 
electable process parameters for the different cavities/die units, is using an injection 
moulding machine provided with several separate injection units, which are each 
connected to the different die units of the system. The Initial cost for such a machine 
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however is high, whereby it might be difficult to achieve a good economy with such ; 
.system. 

The present invention refers to a system and a method for use in injection moulding 
machines of standard design for thermoplastics and theimoplastic . in order 
simultaneously to injection mould details with different weight, shape and size in a 
system with different die units for these details. 



The purpose of the invention is to give to the different die units a possibility of a very 
high degree of individual choice of the process parameters which are deciding for the 
quality of the plastic detail moulded in the die unit. 
These parameters are 

melt flow (injection moulding speed) as a function of time, 
pressure development in the melt during compression and post pressure 
'5 phases, 

post pressure time, 
melt temperature, 
die temperature, 

wherein the two last mentioned parameters can be varied within the intervals 
20 recommended for the plasUc material concerned. 

Common parameters for die units and processes are 
mould clamping force, 
process cycle time. 



25 



30 



This pun^ose has been achieved at a system for injection moulding of thermoplastics 
and thermoplastic elastomers in an injection moulding machine in order 
simultaneously to injection mould details with different weight, shape and size, and 
incorporating a feeder block, a number of hot moulding modules each connected to one 
of a number of flow channels provided in the feeder block, a torpedo provided in the 
flow channel or in the hot moulding module, respectively for Individual and infinite 
adjustment of the melt flow through the module, and means"forbri;;^^^^to^ 
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filling, compression of the melt and changing-over to and maintaining of post pressure, 
and a control unit, which in dependency of a starting signal from a control device 
forming part of the injection moulding machine, for each hot moulding module exerts 
individual control and supervision of the developments In the different hot moulding 
modules, by the features defined in the characterizing part of claim I. 

Hereinafter the invention will be further described with reference to embodiments 
shown in the accompanying drawings, which show details from two different variants 
of an injection moulding machine incorporating the system according to the invention. 

Fig. 1 shows a partial section through a portion of a hot moulding module according to 
a first embodiment of the invention. 

Fig. 2 shows a partial section through a second embodiment of a hot moulding module 
according to the invention. 

Fig. 3 is a view, partly in cross section of the hot moulding module shown in Fig. 2 and 
seen straight from above according to Fig. 2. 

Fig. 4 is a view as seen from the parting plane of the mould, showing hot moulding 
modules, with a portion of a driving device mounted in a system for two mould units. 

Fig. 5 is a side view wherein are shown the feeder block, the hot moulding nozzles for 
the mould units and the fixed splits of one of the mould units. 

The main components of the system, which are shown in Fig. 1 and 2 and are made in 
accordance with the invemion. are a feeder block I. and a plurality of hot moulding 
modules 4 or 5 connected thereto. The feeder block has channels 2. which distribute the 
melt flow in Fig. I and 2 respectively, from the injection unit 3 of the machine into 
several separate flows of melt to each one of the associated hot moulding modules, of 
which the cylinders 4 and 5 of one each are shown in the figures. 



wo 97/43105 

PCT/SE97/00781 



A driving device 6. partly shown in Fig. 2 and 4, is connected to the hot moulding 
module, and which imparts motion and force to mechanisms built into the hot 
moulding module for causing in the associated die unit 2 1 in Fig. 5 an individual 
filling, compression and post pressure function to the melt which shall form a plastic 
detail in the cavity of the mould unit. Furthcmiore there is a not fiirther shown control 
unit for individual control and supervision of the above mentioned injection moulding 
process in the different hot moulding modules/die units. The flow resistance for the 
flow of melt in the hot moulding module can be varied by maiiiS^gL^em o f a 
mechanism, such as will be described in the following. The flow channel of the hot 
moulding module communicates with the'flow channels and the cavities of the 
associated mould unit via a hot runner nozzle 22 in Fig. 5. which is fitted to the cylinder 
of the hot moulding module, or via a not shown cold moulding bushing, which is 
arranged in the die unit. The die units are mounted in the moulding system with easily 
detachable attachment means 23 (Fig. 4 and 5), which gives rapid change-over between 
different plastic details during progressive production. 

• The feeder block I in Fig. 2 and 5 is heated to the temperature of the melt and is 
poshioned in the centre hole of the machine platen, but with an intermediate air slot, 
thus that it is insulated from the platen. The cylinders 4 and 5 of the hot moulding 
module are also heated to the temperature of the melt and are insulated by means of air 
slots 24 in Fig. 4 and 5 from surrounding support plates 25 and 26 in Fig. 5. In cylinder 
4 in Fig. 1, there is a hollow through channel 7. which is partly filled out by a torpedo 

^hichisinf ^ axially adjustable against a scat 8 in the cy linder, thus that the 
disgncejetWj^^ and t he seatTilTi;!;;!;;^^ order 
th ereby to set the flow^SSg gtRemelt througluh^ 
according to Fig. 2 has thc^T^^^^J^ ft^nciion f^T^^^Hii^flow resistance in the 
smaller cylinder, which is situated closest to the feeder block I . The axial motion of the 
torpedo 9 is obtained by means of a displacement mechanism, e.g. such as shown a 
screw mechanism 10. The current position and the axial displacement of the torpedo 
can be red on a scale 12 (Fig. 1 and 2). For each mould unit an axial adjustment 
position has been established for the torpedo. i.c. a value on the scale, which gives a 
melt flow adapted thus that an appropriate filling time is obtained for the cavity. This 
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adjustment of the torpedo, specific to each die unit shall always be used, independent of 
the combination of other die units, which the said die unit is processed together with. 
The now channel 2 from the feeder block 1 in Fig. I, opens in an annular channel 13 
arranged at the biggest diameter of the tapering head of the torpedo. This annular 
channel, like the other flow channels are correctly designed from a flow technical point 
of view, whereby the plastic melt will not be stationary at any position and thereby 
become thermally degraded, resulting in a poor plastic detail quality. 

The torpedo 9 according to Fig. 1 is provided with a hole extending straight through its 
centre, and through which extends a bar 14, which at one of its ends is equipped with a 
tip 1 5 and a stop ring 1 6 of the same type as at a usual plasticizing screw for injection 
moulding machines. Thereby this stop ring can act as a ram in the .space 1 7 located in 
front of the tip 15, i.e. the stroke volume of the ram. The opposite end of the bar is 
situated outside the tOT)edo and is connected to an only partly shown driving device 6 
in Fig. 2 and 4, e.g. an electrical servo motor coupled to a roller screw, which provides 
motion and force in axial direction to the bar. In the figures the ram 15 and 16 is in its 
initial position, whereby filling of the cavity can be accomplished directly from the 
injection unit of the machine. In order to get the lowest possible flow resistance for the 
flow of melt, the block has three uniformly distributed flow channels, at tip and stop 
ring, with intermediate supporting surfaces for the stop ring. The cylindrical space 1 7 
corresponds to 10-20% of the maximum volume of plastic material, which the system 
can nil into each die unit. 

In the outlet 18 from the hot moulding modules 4 (Fig. I) and 5 (Fig. 2) of the mould 
unit it is possible to arrange a pressure sensor 19, (Fig. 4 ) for measuring the pressure of 
the melt and this sensor is connected to the control unit, for supervision of the melt 
pressure development during the filling phase, the change-over point and the post 
pressure phase. 



Each hot moulding module also has separate contact means 20, in Fig. 4 and 5, for 
cabling to heating elements and thermo sensors provided in the cylinders 4 and 5 and in 
the feeder block 1. 
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The function dcvclopoient for a complete process cycle of (he system according to the 
invention will be described hereinafter. 

The ram mechanism m the hot moulding module can be given two alternative function 
5 developments. 



In the first alternative, when it is assumed that the weight of the plastic melt, which is 
accommodated within the stroke volume 1 7 is bigger than the total weight of detail(s) 
and cold moulding channel(s) in the associated die unit, the mm can start at the same 
time as the screw piston of the iryection unit of the machine and thereby itself provid 
for the entire filling phase and compression and post pressure phases in the process 
cycle for the associated die unit. 



15 



20 



25 



30 



e 



At the second alternative, when the weight of the plastic melt accommodated within the 
stroke volume 1 7 is supposed to be lower than the total weight of detail(s) and cold 
moulding channel(s) the filling of the die unit must be partly effected by the injection 
unit of the machine, whereupon final filling, compression and post pressure phases are 
carried out by the ram 15. 16 in the hot moulding module. 

The flow resistances in each hot moulding module with a function according to the 
second altecmtive ar. set to values, which havcbeen established at outcome test runs 
for every die unit. 

The flow resistance in each hot moulding module with a function according to the fir.t 
alternative is on the other hand set to the lowest value. 

The characterizing function for the system according to the invention of the second 
alternative, that the ram mechanism in each hot moulding module, due to its 
individually controllable motion and force creating function, can take over the filling 
function at any optional time during the filling of the mould unit executed by the 
injection unit, and finish filling, compression and change-over to and accomplish the 
post pressure phase, is obtained in that the screw piston of the injection unit of the 
machine during its advance movement reaches several different sensor positions, one 
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for each hot moulding module, set to function according to the second alternative, 
whereby each one of the sensors give a signal to the control unit of the injection unit to 
lower the injection speed, i.e. the How of melt, with a value which is usually equal to 
the melt How which flows through the receiving hot mould module at this time. In 
parallel with the above said sensor system belonging to the machine, there is provided 
another sensor system belonging to the system according to the invention, wherein the 
sensors are also actuated when the screw piston of the machine injection unit reaches 
their different positions, but wherein the signal from the different sensors is utilized for 
starting the driving device for the ram mechanism in each hot moulding module. These 
sensors, arranged in pairs, one from each system, with reference to their positions, can 
be carefully adjusted relative to each other, whereby the starting time for the ram of the 
hot moulding module can be postponed or put earlier in relation to the time set for melt 
flow reduction in the injection unit of the machine. Thereby it is possible to avoid, 
entirely or partly, that a veiy acute, but process disturbing deviation in the melt pressure 
and flow development, a so called transient, will result at the passing over of the 
process from the injection unit of the machine to the ram mechanism of the hot 
moulding module. 



An essential advantage with the system according to the invention is that the 
plastification for the subsequent process cycle can be started from the time when all 
ram mechanisms in the system have been activated. This property of the system makes 
it possible in certain applications to obtain a shorter process cycle time as compared to 
injecUon moulding with a moulding system, which in this respect is conventional, e.g. 
when the details have high weights or when using plastic material, which requires a 
lenient mechanical treatment by the screw piston, i.e. low rotational speed during the 
plastification, which results in an extended plastification time. 

Another advantage of the system according to the invention is that the change-over 
point, i.c. where the filling phase is succeeded by a post pressure phase, by smaller 
amendments of the filling times for the different die units, can be placed at different 
times in the process cycle, whereby the melt pressure peaks, which are connected to the 
change-over point, will not take place at the same time. Hereby it is possible to use a 
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lower mould clamping force for the machine as compared to conventional multiple 
cavity injection moulding of the same details. 

The invention is not limited to the embodiment schematically illustrated in the 
drawings and described in connection thereto but modifications are possible within the 
scope of the following claims. 
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CLAIMS 

1 . System for injection moulding of themfioplastics and thermoplaslic elastomers in an 
injection moulding machine for injection moulding details of different waght, size and 
shape, simultaneously in only one process cycle, and incorporating a feeder block (1), 
a number of hot mould modules (4, 5), each connected to its own one of a number of 
flow channels (2) provided in the feeder block, a torpedo (9) provided in the flow 
channel for each hot moulding module and intended for stepless adjustment of the mell 
flow through the module, and means for causing fmal filling, compression and change- 
over to and maintaining of post pressure, and a control unit for individual control and 
supervision of the processes in the diflFerent hot moulding modules, ^ 
characterized therein, 

that the flow channel of the hot moulding module is provided with a movable bar (14) 
extending axially therethrough, and which at its forward end is designed as a ram (15, 
16), which is adapted to operate in a melt channel space (17) downstream'of the torpedo 
(9) for causing final filling, compression, change-over to post pressure and maintaining 
this, and which bar is connected to an individual driving device arranged to give the bar 
axial motion and pressure force under control from the control unit. 

2. System according to claim 1 , 
characterized therein, 

that the torpedo (9) is arranged axially adjustable in the flow channel in the different 
hot moulding modules and is provided with an axially longitudinal through-hole (7), 
through which extends the axially movable bar (14), which at its end projecting from 
the forward part of the torpedo is designed as said ram ( 1 5, 1 6). 

3. System according to claim 1, 
characterizedtherein, 

that the torpedo (9) is arranged in a conically shaped flow channel in a cylinder forming 
part of the hot moulding module (5), wherein said cylinder is arranged to connect the 
flow channel (2) in the feeder block (I) with a part of the hot moulding module, which 
incorporates said ram (15,16). 
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4. System according to anyone of claims I to 3. 
characterized therein, 

that position sensors are connected to the control unit of the system, which position 
sensors are arranged in pairs with position sensors of the injection unit, and which are 
adjustable in position in relation to these and whereby this adjustability will give an 
entirely or partial transient free change-over when the means for speed and force 
generation belonging to a hot moulding module takes over the flow and pressure 
developments of the melt from the injection unit of the machine. 

5. System according to anyone of claims J to 4, 
characterized therein, 

that the torpedo (9), in a manner known per sc. has a substantially tapering end and is 
manually displaceable in axial direction towards and away from a tapering scat (8) for - 
individual adjustment ofthe melt flow resistance in the flow channel of each hot mould 
module, and that the axial displacement is adjusted by means of a displacement 
mechanism, in the form of a screw mechanism (10). wherein a nut forming part thereof 
can be manually turned thus that a threaded portion ofthe shaft in one end ofthe 
torpedo cooperating therewith is axially displaceable and thereby also the entire 
torpedo (9). 

6. System according to claim 5, 
characterized therein, 

that a scale (21) is provided for reading the current position ofthe torpedo and its axial 
displacement. 

7. System according to anyone of the preceding claims, 
characterized therein, 

that a pressure sensor ( 1 9) connected to the control unit is arranged at the opening of 
each melt channel (17) downstream ofthe torpedo (9). or the ram (15. 16), respectively. 
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8. A method for injection moulding of thermoplastics and thermoplastic elastomers in 
an injection moulding machine for simultaneously axially displaceable moulding in the 
same process cycle details of different weight, size and shape in a system having 
different die units, by means of a device Incorporating a feeder block ( I ). a number of 
hot moulding modules (4. 5), each connected to its own of a number of flow channels 
(2) provided in the feeder block, a torpedo (9) provided in the flow channel for each hot 
moulding module and intended to adjust the melt flow through the module in a stepless 
manner, and means for causing fmal filling, compression and change-over to and 
maintaining post pressure, and a control unit for individual control and supervision of 
the processes in the different hot moulding modules, with use of a system according to 
claim I, 

characterized therein, 

that the melt flow from the feeder block is controlled in the different hot moulding 
modules, by means of individual setting of the axial position of the associated torpedo 
(9). whereby is obtained different filling times in order to distribute in time, pressure 
peaks in the different hot moulding modules (5. 5) and die units of the injection 
moulding system. 



9. A method for injection moulding of thermoplastics and thermoplastic elastomer? in 
an injection moulding machine for simultaneously moulding details of different weight, 
size and shape in the same process cycle, in a system having different die units, by 
means of a device incorporating a feeder block (I), a number of hot moulding modules 
(4, 5), each connected to its own of a number of flow channels (2) provided in the 
feeder block, a torpedo (9) provided in the flow channel for each hot moulding module 
and intended to adjust the melt flow through the module in a stepless manner, and 
means for causing final filling, compression and change-over to and maintaining of post 
pressure, and a control unit for individual control and supeivision of the processes in 
the different hot moulding modules, with use of a system according to claim I. 
characterized therein, 

that plastification of the material for the subsequent process cycle is started as soon as 
the die unit having the longest filling time is completely filled and the ram (15. 16) in 
the associated hot mould module has been activated, thus that the plastification for the 
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next process cycle takes place . at least partially, simultaneously with the post pressure 



phase in the current process cycle. 
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